Not so long ago, pneumonia seemed such an easy disease to be explained: if a sufficient number of copies of a pathogen entered the lung, then an infection would ensue; for infection clearance, the host would need some help from antibiotics and that was it. Ventilator-associated pneumonia (VAP) was assumed to occur simply because we maintained an artificial "access road" towards the sterile lung. Over the past decade, we have learned that the lung is never sterile, even in healthy conditions. Thus, the following question arose: should we redefine pneumonia pathophysiology in ecological terms? [1] .
In this issue of the journal, Emonet et al. present the results of an observational matched case-control study [2] . They performed metataxonomical analysis of bronchoalveolar lavage (BAL) fluid, endotracheal aspirates (ETA) and oropharyngeal swabs (OPS). The study included 18 cases and 36 matched controls and samples were collected at multiple time points per patient. The authors report a negative correlation between presence of bacilli at start of mechanical ventilation and pneumonia development. However, the predictive accuracy of any of the microbial indices was relatively low and the authors concluded that other approaches such as metagenomics or combinations with expression of human genes might be more suitable for VAP prediction. Last, they detected more difficult-to-culture organisms, such as mycoplasma species in patients with VAP. Let us put these results into perspective.
Several of the results that were observed by Emonet et al. are consistent with previous studies. Duration of mechanical ventilation is associated with a lower microbial diversity, irrespective of the use of antibiotics or development of pneumonia [3] . The lower diversity could be attributed to a decline of oropharyngeal bacteria such as Streptococcus species in BAL and ETA and an increase in Pseudomonadales and other Proteobacteria [3] . The current study confirms that these changes do not only occur in the lower airways, but also in the oropharynx, which is considered to be the main "island" leading to pulmonary colonization according to the adapted island model [1, 4, 5] . This ecological model suggests that any change in oropharyngeal flora may be associated with a change in pulmonary microbiome.
Previous studies suggested a larger change in the lung microbiome in patients who developed pneumonia than in those who did not [3, 6] , but this was not confirmed in this study. Instead, the presence of bacilli in lower respiratory samples was found to be negatively predictive of VAP, days before the infection occurred. This difference disappeared at the moment of diagnosis. How can a lack of difference at the moment of diagnosis be explained? What does define VAP if it is not the composition of the lung bacterial community?
Metataxonomics analysis, the technology used for this study, relies on amplification of the 16s gene. This technique has limitations and some species are better differentiated than others. For example, it is notoriously difficult to differentiate between Streptococcus species based on 16s sequencing. However, this is insufficient to explain the lack of difference between patients with and without pneumonia in this study because the most prominent causative pathogens were Gram-negative gut An alternative explanation for similarity in lung microbiome between patients with and without VAP might be that taxonomical analysis captures the static composition but not the activity and replication of the lung microbiome. Maybe the combination of taxonomical analysis with metabolomic and transcriptomic markers of pathogenic activity could provide better differentiation for VAP. A different approach could be done by including markers of host response, which may be as or more relevant to the VAP pathophysiology than the microbiome. Emonet et al. actually measured human DNA in the respiratory tract samples and found a much higher human DNA count with VAP, compared to patients without VAP, and it also showed the best discriminative power. Previous studies have also shown good discriminative power of markers of host response suggesting that it might be more about the response to the infection than the microbial composition itself [7, 8] . In fact, the host response may be among the most important determinants of survival in patients with sepsis, which is commonly caused by respiratory infections [9] . One more explanation for the findings of this study could be related to the lung virome and mycobiome, both of which interact with bacterial and host cells, but have been less investigated than the lung bacteriome.
Another finding from Emonet et al. is regarding the molecular detection of difficult-to-culture organisms, such as Mycoplasma spp. which could imply that standard laboratory techniques are missing these organisms. However, we conjecture this is unlikely due to two reasons. First, the simple DNA detection does not mean that a "pathogen" is present because DNA alone may represent normal flora, colonization, shedding, or dead organisms-none of this would per se indicate a pathogen causing an infection process like pneumonia. While sensitivity is unquestionably increased by molecular assays, this happens at the cost of specificity. Second, Mycoplasma spp. is a very rare cause of hospital-acquired pneumonia, even when molecular techniques are used in addition to standard assays [10] .
Emonet et al. have elegantly shown that it is time to let go of any simplistic view of VAP pathogenesis. VAP is most certainly not about a single pathogen simply being present and thus causing pneumonia. VAP is a consequence of the disruption of the dynamic interface among the bacteriome, virome, mycobiome, host cells, and their metabolites (Fig. 1) . Future lung microbiome studies should evaluate the bacterial, viral, and fungal milieu through metagenomics techniques in conjunction with transcriptomics and metabolomics to elucidate their interaction with the host. 
